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ABSTRACT

Background: There is growing concern about the rising incidence and prevalence of food allerqy globally. We previously
reported the incidence of food allergy in Olmsted County, Minnesota, between 2002 and 2011. We sought to update the inci-
dence and temporal trends of food allergies in our region through 2018.

Methods: By using the Rochester Epidemiology Project, all Olmsted County residents, with an incident diagnosis of food
allerqy between January 2, 2012, and December 31, 2018, were identified and their medical records were reviewed. These cases
were combined with the previously collected incidence cases from January 2, 2002, and December 31, 2011, to understand lon-
gitudinal trends in food allergy incidence rates.

Results: Over the 17-year study period, 1076 patients (58.0% male patients, 72.1% white) were diagnosed with an inci-
dent food allerqy. The median (interquartile range) age at first diagnosis was 2.0 years (1.1-8.4 years). The overall annual
incidence rate for all ages was 3.9 (95% confidence interval [CI], 3.6-4.1) per 10,000 person-years and was significantly
higher in male than in female patients (4.4 [95% CI, 4.0-4.7] and 3.3 [95% CI, 3.0-3.6], respectively; p <0.001). The most
common food allergen was egg in infancy (57.7%), peanuts in ages 1—4 years (58.3%), tree nuts in ages 5-18 years (57.4%),
and seafood in adults (=19 years) (45.3%).

Conclusion: The incidence of food allergy in Olmsted County steadily increased from 2002 to 2008, then remained rela-
tively stable between the years 2008 and 2013, and again presented a rising trend over the next 5 years until 2018. This war-
rants further investigations into the effects of changes in guidelines for early introductions of allergenic foods and other

factors that affect causality.

(Allergy Asthma Proc 43:44-49, 2022; doi: 10.2500/aap.2022.43.210088)

ood allergy (FA) is an immediate type immunoglo-

bin E (IgE) mediated immunologic reaction to cer-
tain foods with resultant life-threatening reactions.'?
FA is a life-changing chronic disease that affects not
only the patient but also the whole family. It has signif-
icant implications on the quality of life as well as
higher economic burdens, which, at times, can be life-
long.>® The epidemiology of FA has been poorly
defined"? with several previous studies that attempted
to report on the question of prevalence and less so on
incidence.® A recent systematic review gave broad esti-
mates in the prevalence of FA, which specified that FA
affects > 1-2% but < 10% of the population. This
underscores that the population estimates of FA are
greatly limited by a lack of uniformity of the criteria
for making a diagnosis.® There is evidence for rising
trends in FA from two different epidemiologic study
designs by using comparable telephone surveys,” and
secondary evidence is of deciphering from the overall
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trend of increasing prevalence of other atopic condi-
tions, including atopic dermatitis,® asthma,” and aller-
gic rhinitis,'® which evidently started > 50 years ago,
and has reached a relative plateau in the early 2000s.
This atopic march was largely explained by complex
gene-environment interactions mediated by the multi-
ple environmental changes that occurred gradually
from the mid-1800s.""

Beyond the environmental changes, there has been
increased utilization of pesticides, plastics, and geneti-
cally modified foods,'> which may have implications
to the development and persistence of FA. In addition,
there have been concerns about the changing recom-
mendations with regard to early introduction of aller-
genic food.” Previous American Academy of Pediatrics
(AAP) recommendations, published in 2000, advised
delayed introduction of allergenic foods, including
milk (until 12 months of age); egg (until 24 months of
age); and peanuts, tree nuts, and seafood (until 3 years
of age). However, in 2008, the AAP decided that there
was a lack of sufficient evidence to support its previ-
ous recommendations. In the following years, results
of a number of studies began suggesting that early
introduction of allergenic foods was an effective means
for primary prevention of FA in the future, which
prompted the early introduction recommendation in
2013.°71°
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In 2018, we published the first comprehensive popu-
lation-based study of FA incidence and temporal
trends over a 10-year period in Olmsted County (2002-
2011)."” The study used reliable diagnostic criteria for
IgE-mediated FA, which aimed to explore the role of
changing guidelines on dietary recommendations for
the early introduction of allergenic food. We found the
incidence of FA to have had increased steadily
between the years 2002 and 2009, and stabilized over
the next 3 years, which may, in part, reflect the chang-
ing guidelines from AAP. By using the same unique
medical records linkage system of the Rochester
Epidemiology Project (REP),'® we extended our study
to include the next 8 years (2012-2018) to better charac-
terize the relationship between early introduction of al-
lergenic foods and the development of an FA as well
as to assess the overall incidence of an FA in a popula-
tion-based cohort.

METHODS

This study represented an update of our previous
report on the incidence and temporal trends of FAs in
Olmsted County between 2002 and 2011."” The setting,
diagnostic criteria, and data analysis were maintained
to present the data as a whole over a 17-year period.
Olmsted County is located in southeastern Minnesota
and had a population of ~145,000 in the 2010 U.S. cen-
sus. However, overall, the population of Olmsted
County is less ethnically diverse, with a relatively
higher level of education, wealth, and employment in
health-care services than the rest of the United
States.'” ' We performed a retrospective medical re-
cord review of FAs in Olmsted County by using the
data resources of the REP,'® which is a unique medical
records-linkage system.

All Olmsted County residents with an incident diag-
nosis of an FA by a REP'®affiliated provider between
January 2, 2012, and December 31, 2018, with
approved access to their medical records for research
purposes were identified by using REP'® resources.
Patients who had a previous diagnosis of an FA before
January 2, 2012, were excluded. Patients were included
in the study if they met the following criteria: (1) a clin-
ical history consistent with FA, and (2) supportive IgE-
specific blood testing results (>0.35 kU/L), positive
results on skin-prick testing (>3 mm wheal), or positive
findings on open oral food challenge.

The data on the patients with an incident FA previ-
ously identified for the period between 2002 and 2011
was combined with the data on incidence cases identi-
fied for the period between 2012 and 2018. Age- and
sex-specific incidence rates in Olmsted County during
2002-2018 were calculated; the numerator was the num-
ber of persons with an FA, and the denominator was
obtained from the REP'® census. The rates were age and
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sex adjusted to the total population of the United States
in 2010. The 95% confidence intervals (CI) for the rates
were calculated by assuming a Poisson error distribu-
tion. The incidence rates were compared between sub-
groups (i.e., male versus female patients or between
biennial calendar periods) by fitting generalized linear
regression models when assuming a Poisson error
structure. All calculated p values were two-sided, and p
values < 0.05 were considered statistically significant.
Data were analyzed by using SAS version 9.4 statistical
software (SAS Institute, Cary, NC).

RESULTS

Baseline Patient Characteristics

A total of 1076 incident cases of FA were identified
for the entire study period 2002-2018; 578 incident
cases previously identified for the period between 2002
and 2011, and 498 additional incident cases for the pe-
riod between 2012 and 2018. Of the 1076 patients, 624
(58.0%) were male patients, 776 (72.1%) were white,
and 89 (8.3%) were African American. The median
(interquartile range) age at the time of the first FA di-
agnosis was 2.0 years (1.1-8.4 years [range, 0.2-89.6
years]). A positive family history of FA was noted in a
parent in 124 patients (13.5% of 921) and in a sibling in
88 patients (9.5% of 926). Among the 736 diagnosed
before the age of 5 years, mode of delivery was avail-
able for 695 patients, of whom, 491 (70.6%) were born
vaginally and 204 (29.4%) were born via cesarean sec-
tion. Within this subset, the mean * standard devia-
tion age at the time of the first FA diagnosis was 1.6 *
0.9 years and 1.8 = 1.1 years for those born vaginally
versus via cesarean section, respectively, (p=0.006).
The characteristics of the FA incident cases overall and
by sex are summarized in Table 1.

Types of FA

Overall, the most common FA was a peanut allergy
in 486 patients (45.2%), followed by a tree nut allergy
in 372 (34.6%), and an egg allergy in 304 (28.3%). A
third of the patients (n = 369 [34.3%]) were allergic to
more than one food category at the time of the initial
diagnosis. The distribution of FAs among different age
groups are detailed in Table 2. Among the 156 patients
first diagnosed at <1 year of age, the most common
food allergen was egg (n = 90 [57.7%]), followed by
milk (n = 65 [41.7%]) and peanut (n = 60 [38.5%]),
whereas, among the 580 patients first diagnosed in the
1-4 year age group, the most common allergen was
peanut (n = 338 [58.3%]), followed by egg (n = 195
[33.6%]) and tree nut (n = 185 [31.9%]). Among the 190
children first diagnosed between ages 5 and 18 years,
the most common allergen was tree nut (n = 109
[57.4%]), followed by peanut (n = 67 [35.3%]) and sea-
food (n = 41 [21.6%]). The most common allergen
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Table 1 Characteristics of food allergy incident cases, overall, and stratified by sex

Characteristic

Female Patients (n = 452)

Male Patients (n = 624) Total (N = 1076)

Race, 1 (%)

White 320 (70.8)
Asian 44 (9.7)
Black or African American 39 (8.6)
All others or mixed 44 (9.7)
Unknown or not disclosed 5(1.1)
Age at diagnosis, median (IQR), y 2.5(1.1-13.3)
Family history of food allergy, n (%)
Among siblings
None 330 (73.0)
Yes 41 (9.1)
Unknown 81 (17.9)
Among parents
None 313 (69.2)
Yes 56 (12.4)
Unknown 83 (18.4)

456 (73.1) 776 (72.1)
51 (8.2) 95 (8.8)
50 (8.0) 89 (8.3)
56 (9.0) 100 (9.3)
11 (1.8) 16 (1.5)
1.9 (1.1-5.3) 2.0 (1.1-8.4)

508 (81.4) 838 (77.9)
47 (7.5) 88 (8.2)
69 (11.1) 150 (13.9)

484 (77.6) 797 (74.1)
68 (10.9) 124 (11.5)
72 (11.5) 155 (14.4)

IQR = Interquartile range.

among the 150 patients first diagnosed in adulthood
(=19 years) was seafood (1 = 68 [45.3%]). When strati-
fied by mode of delivery at the time of birth for those
first diagnosed below 5 years of age, there was no stat-
istically significant difference in the type of FAs
between those delivered vaginally and those delivered
via cesarean section (data not shown).

Incidence

The incidence rates are summarized in Table 3.
Overall, the average annual age- and sex-adjusted inci-
dence rate for all ages was 3.9 (95% CI, 3.6-4.1) per
10,000 person-years. The annual incidence was highest
among children < 1 year of age, both overall (39.5 [95%

Cl, 33.5-46.2]) and among the female patients (35.0
[95% CI, 27.2-44.4]). Among the male patients, the an-
nual incidence was highest in children between 1 and
4 years of age at 47.3 (95% CI, 42.6-52.4) per 10,000 per-
son-years. The lowest annual incidence in the male
and female patients was in the age group >19 years
(0.9 median [IQR] [0.7-11] and 0.7 [0.6-0.9] per 10,000
person-years, respectively). The overall annual inci-
dence of FA was significantly higher among males
than among females (4.4 [95% CI, 4.0-4.7] versus 3.3
[95% CI, 3.0-3.6] per 10,000 person-years; p<0.001).
When stratified by age, the annual incidence was sig-
nificantly higher in the boys compared with the girls in
children between 1 and 4 years of age (p<0.001), but
the sex difference was not statistically significant in the

Table 2 Type of food allergies at the time of the first diagnosis stratified by age at diagnosis

Age at Diagnosis, 1 (%)

Total, n (%)

Characteristic <1y (n=156) 1-4y (n=580) 59y (n=104) 10-18y (n=86) 19-90y (n=150) (N =1076)
Food category
Milk 65 (41.7) 83 (14.3) 3(2.9) 0(0.0) 3(2.0) 154 (14.3)
Egg 90 (57.7) 195 (33.6) 11 (10.6) 2(2.3) 6 (4.0) 304 (28.3)
Soy 6 (3.8) 13 (2.2) 2(1.9) 4(4.7) 8(5.3) 33(3.1)
Peanut 60 (38.5) 338 (58.3) 45 (43.3) 22 (25.6) 21 (14.0) 486 (45.2)
Tree nut 22 (14.1) 185 (31.9) 61 (58.7) 48 (55.8) 56 (37.3) 372 (34.6)
Seafood 3(1.9) 35 (6.0) 20 (19.2) 21 (24.4) 68 (45.3) 147 (13.7)
Other 19 (12.2) 64 (11.0) 11 (10.6) 13 (15.1) 30 (20.0) 137 (12.7)
No. categories
1 90 (57.7) 362 (62.4) 69 (66.3) 66 (76.7) 120 (80.0) 707 (65.7)
>1 66 (42.3) 218 (37.6) 35(33.7) 20 (23.3) 30 (20.0) 369 (34.3)
46 January 2022, Vol. 43, No. 1



Table 3 Incidence of fool allergy in Olmsted County, Minnesota, during 2002-2018, per 10,000 person-years,

stratified by age and sex

Female Patients

Male Patients Total

Age group n  Incidence (95% CI) n Incidence (95% CI) n Incidence (95% CI)
<ly 68 35.0 (27.2-44.4) 88 43.8 (35.2-54.0) 156 39.5 (33.5-46.2)
1-4y 210 28.2 (24.5-32.3) 370 47.3 (42.6-52.4) 580 38.0 (34.9-41.2)
59y 41 4.8 (3.4-6.5) 63 6.9 (5.3-8.9) 104 5.9 (4.8-7.1)
10-18 y 45 3.0 (2.2-4.1) 41 2.7 (1.9-3.6) 86 2.8 (2.3-3.5)
1990y 88 0.9 (0.7-1.1) 62 0.7 (0.6-0.9) 150 0.8 (0.7-1.0)
Overall age- and sex-adjusted*

0-18y 364 10.3 (9.2-11.3) 562 15.1 (13.8-16.3) 926 12.7 (11.9-13.5)

090y 452 3.3 (3.0-3.6) 624 4.4 (4.0-4.7) 1076 3.9 (3.6-4.1)

CI = Confidence interval.

*Adjusted to the population structure of the UL.S. total population in 2010.
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Figure 1. Age- and sex-adjusted biennial incidence of any food
allergy per 10,000 person-years in Olmsted County, Minnesota,
2002-2018, for all ages and for ages 0—18 years. Error bars repre-
sent 95% confidence intervals (CI).

other age groups (p>0.05). The biennial incidence of
any FA in all the ages and in the pediatric population
(ages 0-18 years) are presented in Fig. 1.

Over the 17 years reviewed in this study, the biennial
incidence rates of FA among all the ages has almost
doubled between 2002-2003 and 2016-2017, from 2.5
(95% CI, 2.0-3.1) to 4.9 (95% CI, 4.1-5.6) per 10,000 per-
son years (p <0.001). In the same time period, the pedi-
atric (ages 0-18 years) biennial incidence rates more
than doubled, from 7.0 (95% CI, 5.2-8.9) in 2002-2003 to
16.4 (95% ClI, 13.7-19.2) in 20162017 per 10,000 person-
years (p<0.001). This striking increase in the incidence
of FA was notably the result of two significant rising
trends that occurred between 2002-2003 and 2006-2007
(p=0.004 for all ages, p <0.001 for ages 0-18 years) and
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Figure 2. Age- and sex-adjusted biennial incidence of any food
allergy per 10,000 person-years in Olmsted County, Minnesota,
2002-2018, for ages 0—4 years (left) and for ages 0-18 years
(right), stratified by sex. Error bars represent 95% confidence
intervals (CI).

between 2012-2013 and 20162017 (p=0.007 for all
ages, p=0.020 for ages 0-18 years).

Eventually, in 2018, the overall and pediatric bien-
nial incidence rates stabilized at 4.3 (95% CI, 3.3-5.3)
and 15.4 (95% CI, 11.7-19.1) cases per 10,000 person-
years, respectively. The annual incidence of any FA in
children ages 04 years and those ages 0-18 years,
stratified by sex, showed an overall higher incidence in
boys across all years in these age groups are depicted
in Fig. 2. The biennial incidence of any FA further, into
three age categories, 0-1 year, 1-4 years, and 5-18
years, are stratified in Fig. 3. It is noteworthy that the
incidence of FA in the two age groups, 0-1 year and
1-4 years, followed a similar trend between 2002 and
2015, after which each took a different direction. The
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Figure 3. Age- and sex-adjusted biennial incidence of any food
allergy per 10,000 person-years stratified by age group of children
in Olmsted County, Minnesota, 2002-2018. Error bars represent
95% confidence intervals (CI).

incidence increased for the age group 0-1 year and
declined for the age group 1-4 years in the year pe-
riod 2016-2017 and in the year 2018. This discrep-
ancy resulted in a statistically significant difference
in the incidence of FA between the two groups for
the first time during the 18 years of follow up in 2018
(p <0.05).

Peanut and Sesame Allergy

The biennial incidence of peanut allergy in the pe-
diatric population (ages 0-18 years) is shown in Fig.
4. The pediatric incidence of peanut allergy followed
a similar trend to that of any FA during the first five
calendar periods by showing a significant increase
between 2002-2003 and 2006-2007, from 3.5 to 8.5
cases per 10,000 person-years (p<0.001). However,
unlike the incidence of any FA that only peaked in
the calendar period 2016-2017 (see Fig. 1, red curve),
the peak in the incidence of peanut allergy was seen
earlier, in 2006-2007, after which, it significantly
declined in the next calendar period (8.5 to 5.9;
p=.04) and remained relatively stable between 6.2
and 7.5 per 10,000 person-years until 2016-2017.
From 2016-2017 to 2018, the pediatric incidence of
peanut allergy showed a second decline, from 7.5%
(95% CI, 5.7-9.3) to 4.6 (95% ClI, 2.6-6.6) of cases per
10,000 person-years (p =0.048). Interestingly, the number
of incident cases of sesame allergy in the pediatric popula-
tion (ages 0-18 years) was stable at one case biennially
between 2002 and 2009. This number jumped to six in the
year period 2010-2011 and remained elevated at four to
six cases diagnosed in each subsequent year. Sesame
allergy was the most diagnosed allergy in the age group
14 years.
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Figure 4. Age- and sex-adjusted biennial incidence of peanut
allergy per 10,000 person-years in Olmsted County, Minnesota,
2002-2018, for ages 0-18 years. Error bars represent 95% confi-
dence interval (CI).

DISCUSSION

In 2018, we presented the first population-based study
from the United States to evaluate the incidence of FA
over 10 years. We found the biennial incidence to have
increased dramatically between 2002-2003 and 2006-
2007, and stabilized thereafter. In this update, we
extended our results to include the next 7 years and
noted a second significant rise in the bi-annual incidence
of an FA between 2012-2013 and 2016-2017. The most
common food allergen identified was egg in infancy, pea-
nut in 14 years age group, and, overall, tree nut in the
5-18-year range. Seafood allergy was the most common
in adults (=19 years). Male sex was associated with a
higher incidence of an FA. Our study had several unique
strengths. Our study presented a population-based
approach to accurately estimate the incidence and tempo-
ral trends of FA, including the ascertainment of FA cases
within a well-defined geographic area, where the medical
records for almost all the community members are avail-
able for review, which also serves to minimize referral
bias, and the standardized criteria used to confirm the di-
agnosis, which minimizes the potential for misclassifica-
tion. Many studies in FA have been vulnerable to
reporting biases, caused by inconsistencies in design as
well as more lenient diagnostic criteria.”"*” More
recently, studies focused on an accurate diagnosis of FA
in a well-defined population started appearing in recent
years, but they are still limited by sampling biases.****”°

There has been a lingering question in practicing pe-
diatrician and allergist’s mind with the changing AAP
recommendation:"> Does early introduction of aller-
genic food actually prevent FA? Analysis of our data
suggested that this may be partly true and may contrib-
ute to the stabilization in the rising incidence of FA with
changes in recommendation of the early introduction of
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allergenic food. In our cohort, 32 patients had an incident
case of sesame allergy, with the highest number of diag-
noses being in 2018. Analysis of our data, therefore, indi-
cates that sesame allergy is a growing problem in the
United States®”! and highlighted the newer regulation
with the addition of sesame to the eight “major food
allergens” in the Food Allergen Labeling and Consumer
Protection Act that mandates manufacturers to disclo-
sure the use of sesame as a component in relevant foods,
as opposed to the issuance of mere “encouragement” for
disclosure.*®" Sesame allergy is rising and may be a
likely reflection of increased sesame consumption in the
American societies. Our study had several limitations,
one of which being the generalizability of our findings.
Multiple REP'® studies have shown that, despite the
racially constricted demographic distribution in Olmsted
County, the data are generalizable to the whole U.S. pop-
ulation."” Another limitation of our study was the lack of
confirmatory testing through oral food challenge, which
was a limitation in any retrospective chart review study.

CONCLUSION

Our population-based study over 17 years showed a
higher incidence of FA in boys and a changing FA inci-
dence over time, in part, a reflection of the changing AAP
recommendations of early introduction of allergenic foods.
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